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Abstract: Laryngeal squamous cell carcinoma (LSCC) is a common aggressive head and neck squamous cell car-
cinoma (HNSCC) and racial disparities have been reported to exist in it. However, its molecular mechanism and 
associated ethnic specificity are still unclear. Here, we leveraged mRNA expression data from 2 gene expression om-
nibus datasets (GSE142083 & GSE117005) of Chinese samples and the cancer genome atlas (TCGA) datasets of 
Caucasian samples to demonstrate the expression signature of LSCC. The GSE142083 dataset was used as the dis-
covery set since it had 53 pairs of LSCC tissues and matched adjacent normal tissues, and the GSE117005 dataset 
was treated as the validation set with 5 pairs of tissues. Differential gene expression analysis and enrichment path-
way analysis were performed. Besides, we employed weighted gene co-expression network analysis to identify hub 
genes in validated pathways. The TCGA datasets were used to evaluate ethnic specificity. Immunohistochemistry 
(IHC) was employed to further validate the hub gene. Overall, the IL-17 signaling pathway was significantly enriched 
for upregulated genes in two Chinese datasets while not in TCGA datasets; and IL17RC, MAPK3, S100A8, MMP3, 
CXCL8, and TNFA1P3 were hub genes regulating such pathway. Therein, IL17RC might be the most important one 
and the IHC results displayed that the IL17RC gene upregulated in the LSCC tissue. IL-17 signaling pathway has an 
ethnicity-specific effect in LSCC where it is upregulated in the Chinese while not in the Caucasians and IL17RC might 
play a key role. Targeting genes located in the IL-17 signaling pathway may be beneficial for Chinese LSCC patients.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) is 
one of the most common head and neck 
tumors, and racial disparities have been 
observed between African Americans and 
Caucasians [1]. Patients with LSCC usually 
have difficulty in vocalization, breathing, and 
swallowing. Surgery, together with radiation 
and systemic therapy, has been the mainstay 
for LSCC but the overall survival rate is still far 
from satisfaction [2]. Current studies indicat- 
ed that infection-free LSCC tended to be bur-
dened with tobacco-associated mutations in 
TP53 and CDKN2A [3] and overexpression of 
SKA3 was confirmed to be associated with 
tumor proliferation and chemoresistance in 
LSCC patients [4]. However, no ideal biotherapy 
has been approved for LSCC and its underlying 
molecular mechanism still needs further 
exploration.

The human immune system has been reported 
to be closely associated with the initiation and 
progression of cancer, and cancer often occurs 
in those with compromised immunity [5]. 
Meanwhile, many drugs that aim to modulate 
anti-tumor immune response have been devel-
oped. Although immunotherapeutic drugs such 
as nivolumab and pembrolizumab have been 
approved for squamous cell carcinoma of the 
head and neck (HNSCC) [6], the immunothera-
py for LSCC is still under exploration and its  
hidden molecular mechanism needs further 
investigation. As a substantial component of 
the inflammatory and immune system, the IL-17 
signaling pathway has been reported to be 
associated with the initiation and progression 
of cancer [7]. For example, overexpression of 
IL-17 from gamma delta T cells and neutrophils 
conspired to promote breast cancer metastasis 
[8]. Also, IL-17 upregulates PD-L1 expression in 
prostate cancer [9], and targeting the Th17-
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IL-17 pathway may help in the prevention of 
micro-invasive prostate cancer [10]. 

However, whether the IL-17 signaling pathway 
involves in LSCC is still unknown and only one 
study demonstrated the IL-17 signaling path-
way was activated in idiopathic subglottic ste-
nosis [11]. Another study indicated IL-17 was 
overexpressed in LSCC patients compared to 
those with polypus of the vocal cord [12], but 
no systematic study was conducted and exist-
ing evidence is far from enough. With the accu-
mulation of biodata and various bioinformatics 
methods, it is possible to perform comprehen-
sive data mining to reveal the molecular mech-
anism for cancer and find possible therapeutic 
targets. Here, we integrated gene expression 
data from gene expression omnibus (GEO) and 
the cancer genome atlas (TCGA) to unveil 
potential molecular mechanisms, especially 
those associated with immunity; and further to 
discover hub genes, hoping to find potential tar-
gets. Furthermore, we also explored the ethnic-
ity-specific effect of the IL-17 signaling pathway 
and discussed the potential racial disparities in 
LSCC patients.

Methods

Data source & main design

Two latest GEO datasets of Chinese samples 
(GSE142083 [10] & GSE117005 [13]) were 
obtained. The former dataset consisted of 53 
pairs of LSCC tissues and matched adjacent 
non-LSCC tissues while the latter contained 5 
pairs of matched tissues. TCGA datasets with 
the larynx as the primary site were obtained. 
After removing those without matched adjacent 
normal tissues and non-Caucasian samples, 
11 pairs of matched tissues were kept for fur-
ther analysis. All datasets were generated from 
the RNA-Seq experiment.

All raw datasets were downloaded in the FPKM 
(Fragments Per Kilobase per Million) format 
and they were transformed to TPM (Transcripts 
Per Million). All probes were annotated with 
gene symbols and probes without annotation 
were excluded. Besides, only the probe with the 
highest expression level was reserved if differ-
ent probes were annotated to the same gene. 
The annotation file was downloaded from 
GENCODE (https://www.gencodegenes.org/).

Considering the sample size and number of 
annotated probes, the discovery stage was per-
formed in the dataset GSE142083 to find dif-
ferentially expressed genes and possible path-
ways. Meanwhile, weighted gene co-expression 
network analysis (WGCNA) [14] was also con-
ducted to bring out key modules and hub genes 
closely associated with LSCC in this dataset. 
Then, the dataset GSE117005 was utilized to 
validate the findings in GSE142083 consider-
ing its relatively small sample size and fewer 
annotated probes. The validated results were 
further tested in TCGA datasets to compare the 
ethnic specificity.

Differentially expressed gene analysis & path-
way enrichment analysis

A paired design RNA-Seq experiment of LSCC 
tissues and matched adjacent normal tissues 
was performed to detect genes differentially 
expressed between LSCC and normal tissues, 
adjusting for any differences between the 
patients. The gene was removed if its expres-
sion level was too low, usually with a CPM 
(Counts Per Million) less than 1 in more than 
99% samples. Generalized linear methods 
were adopted to determine differentially ex- 
pressed genes and likelihood ratios were con-
ducted to test LSCC versus normal tissue dif-
ferences, and the p-value was adjusted using 
the false discovery rate (FDR) method. To bring 
out more differentially expressed genes, the 
cutoff of log fold change (logFC) was calculated 
using the formula below:

cutoff min ( 2 * ( ), 1.5)logFC SD logFC= +

Here, the “min” represents the minimum value 
of the two numbers and “SD” is the standard 
deviation.

All differentially expressed genes were tagged 
by ‘UP’ or ‘DOWN’ and extracted for pathway 
enrichment analysis. We enriched upregulated 
and downregulated genes in the Kyoto Ency- 
clopedia of Genes and Genomes (KEGG) and 
gene ontology (GO) databases separately to 
discover significantly changed pathways [15, 
16]. Meanwhile, all differentially expressed 
genes were pooled to find more potential path-
ways. Pathways with a p-value adjusted by FDR 
less than 0.05 were defined to be significantly 
enriched in LSCC tissues. The differentially 
expressed genes were analyzed in R software 
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using package “edgeR” [17] and pathway 
enrichment analysis was performed with pack-
age “clusterProfiler” [18].

Validation for differentially expressed genes 
and pathways

The dataset GSE117005 was employed to vali-
date the differentially expressed genes and 
enriched pathways from GSE142083. In this 
validation stage, we defined the pathway, which 
was significant in the GSE142083 dataset, to 
be the validated pathway if its p-value was less 
than 0.05. Similarly, differentially expressed 
genes with the same direction as those in the 
GSE142083 dataset were thought to be vali-
dated genes.

Weighted gene co-expression network analysis

The gene expression data from GSE142083 
was used to perform WGCNA. Hierarchical  
cluster analysis was performed to detect outli-
ers in total samples and outliers with minimal 
cluster size less than 2 would be removed in 
further analysis. Then, we picked up the best 
soft threshold 5 to ensure a scale-free R2 of 
more than 0.9. The genes were hierarchically 
clustered based on their topological overlap. A 
weighted gene co-expression network was  
constructed to identify the modules closely 
associated with LSCC, and we further related 
identified modules to external sample informa-
tion and appraised the association between 
gene significance and module membership. 
Here, we used automatic, one-step network 
construction and module detection. Hub genes 
could be identified in significant modules 
according to their intramodular connectivity. 
Specifically, we mainly focused on identifying 
key genes in the validated pathways. This anal-
ysis was performed in R software using the 
package “WGCNA”.

Evaluation of ethnicity-specific effect in LSCC 

Considering the racial disparities in LSCC, we 
analyzed the 11 pairs of LSCC tissues and 
matched adjacent normal tissues from Cau- 
casian samples in TCGA datasets. Differentially 
expressed genes were detected and related 
pathways were enriched using the same meth-
ods abovementioned. Then, we simply com-
pared the results from Chinese and Caucasian 
samples to evaluate ethnic specificity.

Tissue preparation and immunohistochemistry 
(IHC)

In total, 18 paired of LSCC tissue and match- 
ed adjacent normal tissue were collected by 
the First Affiliated Hospital of China Medical 
University. After dewaxing by Xylene-Xylene- 
100% alcohol-100% alcohol-95% alcohol-90% 
alcohol-80% alcohol-70% alcohol, the sections 
were placed in 3% hydrogen peroxide and  
incubated for 10 min to eliminate the activity  
of endogenous peroxidase. Then, the sections 
were placed in 10 mM citrate buffer solution 
(pH = 6.0) and microwaved for boiling for anti-
gen retrieval. After cooling to room tempera-
ture, the citrate buffer was poured off; and  
the slides were placed in phosphate buffer 
solution (PBS) for 5 min. Then, serum was 
added immediately to close up some non-spe-
cific sites; and then placed in a 37°C incuba- 
tor for half an hour. Next, the sections were 
incubated with an anti-IL17RC rabbit polyclonal 
antibody (Abcam, ab96310) at 4°C for 24 h, 
with the optimal dilution ratio of 1:100. After 
rinsing thoroughly with PBS, the sections were 
immunohistochemically colored with horserad-
ish peroxidase-labeled goat anti-rabbit poly-
mers. Finally, the positive expression of the 
IL17RC protein was observed with the incu- 
bated chromogenic agent, 3’,3’-diaminobenzi-
dine, and the cell membranes were counter-
stained with Mayer’s hematoxylin. Two inde-
pendent experimenters scored the immunohis-
tochemical staining results of the sections 
blindly. When the experimenters scored sec-
tions differently, the sections were re-examined 
by a third experimenter to reach an agreement. 
Signal strength was scored in the following 
manner: no coloring or weak (0); light yellow (1); 
brownish yellow (2); brownish brown (3). The 
staining distribution score is based on the per-
centage of stained positive cells: 0 (<5%), 1 
(5%-25%), 2 (26%-50%), 3 (>50%). The total 
score multiplied the results of the two scores: 
<3 as negative and ≥3 as positive. Fisher’s pre-
cision probability test was performed to test 
the difference of IL17RC protein level between 
LSCC and normal tissues.

All patients signed an informed consent form. 
The study was conducted in compliance with 
the Declaration of Helsinki and was approved 
by the Ethics Review Committee of the First 
Hospital of China Medical University.
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Results

Differentially expressed genes and enriched 
pathways from the GSE142083 dataset

In the dataset GSE142083, 18349 mRNAs 
annotated with gene symbols were kept for dif-
ferential gene expression analysis. The cutoff 
of logFC was 1.5. A total of 553 genes were 
upregulated and 595 genes downregulated in 
LSCC tissue (Figure 1). The top 5 upregulated 
genes were MMP1, SPRR2G, PAGE2, PRR9, 
S100A7A; and the top 5 downregulated genes 
were C6orf58, PIP, PRB3, PRH1, and PRH2. 
Therein, MMP1 and S100A7A participate in the 
IL17 signaling pathway. The top 50 changed 
genes were listed in Table S1.

When these genes were enriched in the KEGG 
pathway database, several upregulated path-
ways were significant including cytokine-cyto-
kine receptor interaction, cell cycle, ECM-
receptor interaction, IL-17 signaling pathway, 
protein digestion and absorption, and other 
pathways (Figure 2A); and salivary secretion 
pathway was downregulated in LSCC, together 
with cAMP signaling pathway and others (Figure 

respectively (Table S2) and other visualized 
pathways were provided in Figure S1. 

Furthermore, we put enriched pathways into a 
network with edges connecting overlapping 
gene sets to identify functional modules easily 
(Figure 3). We observed that cytokine-cytokine 
receptor interaction and IL-17 signaling path-
way shared a relatively large portion of genes 
from the KEGG database, suggesting these two 
signaling pathways might interact with each 
other in LSCC (Figure 3A). Additionally, two bio-
logical processes, including epidermis develop-
ment (Figure 3C) and O-glycan processing 
(Figure 3D), were possible key pathways in 
LSCC according to the GO database.

Validation in GSE117005 dataset

Only 5367 mRNAs were annotated with gene 
symbols in dataset GSE117005. Its logFC cut-
off was 0.37 and 14 genes were upregulated 
and 27 downregulated (Figure 4), and 26 were 
significant in previously analyzed dataset 
GSE142083 (Table S3). Of 14 upregulated 
genes, 12 genes were also upregulated in the 
GSE142083, including ALOXE3, GRIN2D, 

Figure 1. Volcano plot for differentially expressed genes in GSE142083.

2B). When pooling differen-
tially expressed genes togeth-
er, cytokine-cytokine receptor 
interaction and IL-17 signaling 
pathway were the top 2 sig- 
nificant pathways. Therein, 14 
genes were enriched to the 
IL-17 signaling pathway, in- 
cluding MMP9, DEFB4A, MM- 
P13, MMP3, S100A7, S100- 
A7A, MMP1, IL1B, CXCL8, 
CXCL10, CCL7, CXCL5, CSF2, 
and CCL11 (Figure S1A). In  
the GO database, the upregu-
lated pathways included skin 
development, epidermis de- 
velopment, keratinocyte dif-
ferentiation, epidermal cell 
differentiation, keratinization, 
and others (Figure 2C) while 
pathways associated with glu-
cose metabolism were down-
regulated in LSCC, such as 
glycosylation and protein gly-
cosylation (Figure 2D). Besid- 
es, we have provided top 50 
pathway enrichment analysis 
results from KEGG and GO 



Molecular mechanism in LSCC

2688	 Am J Cancer Res 2021;11(6):2684-2695

HOXA13, HOXC10, HOXD13, LRRC15, MAGEA1, 
MMP1, SPRR2G, SPRR4, XCL1.

When enriching these 41 differentially ex- 
pressed genes in KEGG and GO pathway data-
bases, the results were different from those 
from GSE142083 with nitrogen metabolism 
dominating these pathways in KEGG and calci-
um ion channel dominating the pathways in GO; 
and only the IL-17 signaling pathway was still 
significantly upregulated (Figure 5). Two genes 
functioning in the IL-17 signaling pathway were 
both upregulated in two datasets, namely 
MMP1 and CXCL10. Intriguingly, MMP1 was the 
top gene in both datasets, indicating that 
matrix metalloproteases may play a key role in 
the initiation and progression of LSCC.

Weighted genes co-expression network con-
struction and module detection

In WGCNA, 16 samples were detected to be 
outliers in cluster analysis and removed in fur-
ther analysis (Figure S2) and the selected soft 
threshold was 5 with scaled free R2 more than 

0.9 (Figure S3). In the constructed co-expres-
sion network, it was clear that two modules, 
midnight blue and yellow, were the top 2 signifi-
cant modules in the network (Figure 6). When 
relating the modules to clinical traits, the yellow 
module was positively associated with LSCC 
while the midnight blue module was negatively 
associated with LSCC (Figure S4). Furthermore, 
the yellow module membership was strongly in 
positive correlation with gene significance for 
LSCC (r2 = 0.8, p-value <1×10 -200, Figure 7). In 
the yellow module, 103 genes were differen-
tially expressed in previous analysis for the 
GSE142083 dataset (Table S4). When enrich- 
ed in KEGG and GO database, cell cycle and 
nuclear division were the most significant ones 
in KEGG and GO respectively (Figure S5). Cell 
cycle and nuclear division have been closely 
linked to oncogenesis.

Then, we selected the genes located in the 
IL-17 signaling pathway to construct the pro-
tein-protein interaction (PPI) network; and 
IL17RC, MAPK3, S100A8, MMP3, CXCL8, and 

Figure 2. Pathway enrichment analysis results for differentially expressed genes in GSE142083. (A, B) are from 
KEGG where (A) represents upregulated genes and (B) downregulated genes; and (C, D) from GO where (C) repre-
sents upregulated genes and (D) downregulated genes.
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TNFA1P3 were the hub genes 
in the IL-17 signaling pathway 
(Figure 8). 

Ethnicity-specific effect in 
LSCC

Furthermore, the analytic re- 
sults of Caucasian samples in 
TCGA datasets indicated a 
rather different expression 
pattern from Chinese sam-
ples. With 1.5 as the cutoff  
of logFC, 896 genes were 
upregulated and 926 were 
downregulated. Among them, 
28.91% of upregulated genes 
and 27.32% of downregulated 
genes were found in GSE- 
142083, suggesting a poten-

Figure 3. Enrichment map to visualize function modules in GSE142083. (A, B) are from KEGG where (A) represents 
upregulated genes and (B) downregulated genes; and (C, D) from GO where (C) represents upregulated genes and 
(D) downregulated genes. The description of dots is identical to that of Figure 2.

Figure 4. Volcano plot for dif-
ferentially expressed genes in 
GSE117005.
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tial ethnic difference. For genes located in the 
IL17 signaling pathway, S100A8, S100A9, and 

Furthermore, the IL-17 signaling pathway, the 
well-established pathway in Chinese samples 

Figure 5. Pathway enrichment analysis results for differentially expressed genes in GSE117005. (A, B) are from 
KEGG where (A) represents upregulated genes and (B) downregulated genes; and (C, D) from GO where (C) repre-
sents upregulated genes and (D) downregulated genes.

Figure 6. The cluster dendrogram and color display of co-expression network 
modules for aberrant genes from WGCNA.

IL17F were downregulated in 
the TCGA dataset while 
S100A7, S100A7A, and IL1B 
were upregulated in the 
GSE142083 dataset.

When enriched in KEGG, 6 
pathways were overlapped 
with GSE142083, including 
ECM-receptor interaction, pro-
tein digestion and absorption, 
amoebiasis, AGE-RAGE sig- 
naling pathway in diabetic 
complications, salivary secre-
tion, and cAMP signaling path-
way; and the first 4 pathways 
were upregulated. Besides, 
extracellular structure organi-
zation, extracellular matrix 
organization, and O-glycan 
processing were overlapped 
in GO with the first 2 being 
upregulated. The relatively 
small overlap of pathways 
also indicated the existence 
of racial disparities.
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from the abovementioned 
analyses, seemed not signifi-
cantly enriched in the Cau- 
casians; and epidermis devel-
opment and epidermal cell 
differentiation pathways were 
downregulated, opposite to 
that in the Chinese (Figure 
S6). These may account for 
the ethnicity-specific effect. 
Additionally, it should be 
pointed out that MMP1 was 
still differentially expressed in 
the Caucasians while CXCL10 
not. High IL17RC expression 
in LSCC tissue

IHC staining results

Finally, we applied IHC stain-
ing to further validate the pro-
tein expression level of 
IL17RC, a novel hub gene 
associated with LSCC. Acc- 
ording to the results, 16 of 18 
LSCC tissues were stained 
positively and only 1 normal 
tissue was stained positively, 
indicating a strong statistical 
significance (Fisher p-value 
<0.001). In summary, we vali-
dated the protein expression 
in 18 pairs of LSCC tissues 
and adjacent tissues by IHC 
staining and found significant-
ly elevated LSCC expression 
in terms of density and inten-
sity in LSCC tissues compared 
with adjacent tissues (Figure 
9A-D).

Discussion

In this integrative analysis, we 
unveiled the key role of the 
IL-17 signaling pathway in 
LSCC and identified the hub 
genes closely associated with 
LSCC in this pathway. Fur- 
thermore, we evaluated the 

Figure 7. The scatterplot of correlation between module membership and 
gene significance in yellow module.

Figure 8. Hub genes located in 
IL-17 signaling pathway and dif-
ferent colors represent different 
modules.
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ethnicity-specific effect of gene expression in 
LSCC. The hub gene L17RC was further verified 
to be upregulated in LSCC tissue using IHC 
staining.

As per the results, 1184 genes (553 upregu-
lated and 595 downregulated) were differen-
tially expressed in the discovery stage and two 
genes participating in the IL-17 signaling path-
way (MMP1 and CXCL10) were further validat- 
ed in GSE117005. Subsequently, only the IL-17 
signaling pathway was validated as well. In 
WGCNA for GSE142083, the yellow module 
was the most significant one of the modules 
that were positively correlated with LSCC. When 
enriching genes in this module, many well-
established carcinogenic pathways were 
brought out, such as the cell cycle, p53 signal-
ing pathway, and nuclear division [19]. 
Furthermore, a PPI network was constructed 
for genes located in the IL-17 signaling path-
way, and IL17RC, MAPK3, S100A8, MMP3, 
CXCL8, and TNFAIP3 were indicated to be hub 
genes. In comparison with results derived from 
Chinese, the IL-17 signaling pathway was not 
significantly enriched in TCGA datasets and the 
epidermis development pathway was in the 
opposite direction, suggesting a different 
expression profile of genes in Chinese and 
Caucasians. 

L8 and CXCL10, has been reported to play an 
important role in regulating tumor growth and 
metastasis [26] while whether it affects LSCC 
is still unknown. In our study, CXCL8 and 
CXCL10 could involve in the initiation and pro-
gression of LSCC.

Although no direct association between IL17RC 
and LSCC or HNSCC was observed in previous 
publications, it was clear that IL17RC might 
affect the initiation and progression of other 
cancers [27]. Considering IL-17 is a pro-inflam-
matory factor, causing inflammation and pro-
moting the initiation of carcinogenesis, it is  
reasonable that it plays a key role in the initia-
tion and progression of LSCC. Since the IL-17 
signaling pathway may be ethnicity-specific in 
LSCC, why this pathway was not enriched previ-
ously may be attributed to it that the main  
samples were Caucasians where this pathway 
was not significant. TNFAIP3 is a key gene sup-
pressing inflammation, immunity, and carcino-
genesis and affects many diseases [28]. Here, 
its logFC was more than 0 and p-value less 
than 0.01 in both GSE142083 and TCGA data-
sets, indicating a controversy to the function of 
TNFAIP3. We postulated that the expression  
of TNFAIP3 was in a negative feedback loop 
where the carcinogenesis induced the TNFAIP3 
expression to suppress tumor initiation. As for 

Figure 9. Representative immunohistochemical staining for IL17RC protein 
in 18 pairs of LSCC tissues and matched adjacent normal tissues. A, B. 
Negative expression of IL17RC in adjacent normal tissues (200×, 400×); C, 
D. Positive expression of IL17RC protein in LSCC specimens (200×, 400×).

In our study, the identified 
genes (MMP1 and MMP3) 
belong to the matrix metallo-
proteases family, participating 
in the breakdown of extracel-
lular matrix and metastasis 
[20]. They were both upregu-
lated in analyzed datasets. 
Meanwhile, MMP1 was con-
firmed to be over-expressed  
in LSCC by recent RNA-Seq 
studies [21]; and MMP3 was 
reported to be closely associ-
ated with LSCC and also relat-
ed to tumor stage [22, 23]. 
These studies were all per-
formed in Chinese and added 
integrity and accuracy to our 
study. S100A8, also known as 
calprotectin if combined with 
S100A9, was reported to be 
upregulated in HNSCC [24], 
together with CXCL8 [25].  
CXC subfamily, including CXC- 
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MAPK3, it involves in MAPK/ERK cascade path-
way [29] and inhibition of it suppresses can- 
cer-stromal interaction and metastasis [30]. 
However, its expression was slightly downregu-
lated in these analyzed datasets, quite oppo-
site to the knowns. Thus, it may be due to a 
negative feedback loop in LSCC where such 
cascade pathway is inactivated to combat the 
progression of cancer just the same as that of 
TNFAIP3. 

The difference in mRNA expression profiles 
between Chinese and Caucasian samples is 
rather interesting. IL-17 signaling pathway has 
only been reported to have an ethnicity-specific 
effect in psoriasis and this pathway was also 
upregulated in Asian samples while downregu-
lated in the Europeans [31]. We hypothesized 
that such different patterns might be caused  
by the genetic variability in different ethnicities. 
However, only two genome-wide association 
studies (GWAS) was performed on LSCC for  
the Chinese and Europeans respectively with 
both sample size less than 10,000 [32, 33]; 
and no trans-ethnic GWAS was available. 
Although genes located in the IL-17 signaling 
pathway were not significantly associated with 
LSCC in these two GWAS, the results indicated 
a substantial difference, suggesting the im- 
portance of genetic variability in LSCC and 
mRNA expression profile may be affected by it. 
Further trans-ethnic GWAS in large samples 
should be performed to unveil the underlying 
mechanism. As for the opposite regulation 
direction in the Chinese and Caucasians includ-
ing epidermis development and epidermal cell 
differentiation, we also presume the genetic 
factors may contribute to it since no related 
studies have found it.

Our study unveiled the novel association 
between the IL-17 signaling pathway and LSCC; 
it also revealed the ethnic specificity of this 
pathway. The results suggested that immuno-
therapies targeting hub genes in this pathway 
might be effective in LSCC and racial dispari-
ties should be accounted for in clinical 
practice.

Conclusion

IL-17 signaling pathway plays a key role in LSCC, 
especially in Chinese; and hub genes located in 
it may be potential immunotherapeutic targets 
for LSCC.
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Table S1. Top 50 differentially expressed genes in the 
GSE142083 dataset
symbol logFC logCPM LR PValue FDR
MMP1 5.573235 8.524383 309.6588 2.59E-69 3.93E-66
SPRR2G 5.281806 8.663347 142.0687 9.39E-33 9.43E-31
PAGE2 4.900713 3.794749 315.153 1.65E-70 3.05E-67
PRR9 4.807902 5.573755 169.434 9.84E-39 2.00E-36
S100A7A 4.780252 7.810139 89.2451 3.49E-21 1.07E-19
LCE1F 4.687459 4.894621 111.2125 5.32E-26 2.71E-24
DEFA5 4.648037 3.868147 325.7899 7.94E-73 1.89E-69
MAGEA3 4.599776 5.236519 104.8149 1.34E-24 5.99E-23
HOXD11 4.504224 5.546649 147.4871 6.14E-34 6.96E-32
MAGEC2 4.436644 3.750476 277.0409 3.31E-62 3.25E-59
SOX11 4.406962 4.558045 418.3095 5.69E-93 4.74E-89
MAGEA6 4.348905 5.040277 77.46377 1.35E-18 3.11E-17
MAGEA4 4.284282 3.826733 287.1872 2.04E-64 2.61E-61
MAGEC1 4.276632 3.463943 190.1792 2.91E-43 1.05E-40
FTHL17 4.178194 3.370975 165.283 7.93E-38 1.41E-35
LCE2A 4.06795 4.128031 85.75332 2.04E-20 5.64E-19
LCE3D 4.042338 8.391843 63.53308 1.58E-15 2.62E-14
MAGEA1 4.014648 3.327204 149.182 2.62E-34 3.07E-32
MAGEA10 3.991598 3.613637 210.1878 1.25E-47 6.94E-45
LCE1A 3.978382 4.405897 61.95839 3.51E-15 5.59E-14
NEU2 3.949829 3.547017 191.6608 1.38E-43 5.11E-41
MMP11 3.931822 5.053038 449.9864 7.26E-100 1.21E-95
LCE3A 3.928341 6.559446 60.49925 7.36E-15 1.12E-13
GAGE1 3.920222 3.248169 132.2948 1.29E-30 1.05E-28
S100A7 3.858901 10.23632 55.11131 1.14E-13 1.53E-12
C1orf68 3.858095 4.18274 91.35416 1.20E-21 3.92E-20
DLX2 3.85262 4.248706 276.0518 5.45E-62 5.04E-59
KRT75 3.766844 4.993354 90.26211 2.09E-21 6.63E-20
LCE2C 3.765898 4.004631 64.76211 8.45E-16 1.44E-14
CASP14 3.747534 4.515179 94.9634 1.94E-22 6.88E-21
KHDC1L 3.705634 4.805561 138.6392 5.28E-32 4.97E-30
HOXD13 3.671757 4.20341 112.4158 2.90E-26 1.52E-24
OLFM4 3.652963 3.548935 177.3296 1.86E-40 4.69E-38
PYDC2 3.64813 4.742767 78.5426 7.83E-19 1.87E-17
NLRP10 3.594602 3.507927 165.3287 7.75E-38 1.39E-35
MMP3 3.576477 5.929729 133.0645 8.75E-31 7.22E-29
KRT16 3.548703 11.11783 63.27396 1.80E-15 2.97E-14
PRAME 3.547824 4.072016 127.9525 1.15E-29 8.37E-28
CCL11 3.544823 4.207391 112.3396 3.01E-26 1.57E-24
DSC1 3.531399 4.895296 77.24593 1.51E-18 3.46E-17
CA9 3.519589 3.90249 229.7401 6.79E-52 5.15E-49
LCE6A 3.514122 3.62457 74.62456 5.69E-18 1.23E-16
CSF2 3.508788 3.785118 223.4607 1.59E-50 1.10E-47
KRTDAP 3.504813 8.427482 45.40744 1.60E-11 1.67E-10
CALB1 3.469184 4.369388 110.731 6.78E-26 3.39E-24
SPRR2F 3.461568 7.670836 47.48225 5.55E-12 6.13E-11
SPINK6 3.456887 3.444787 144.2452 3.14E-33 3.31E-31
HOXC10 3.443711 3.697596 110.4705 7.73E-26 3.84E-24
MMP13 3.420874 5.997841 126.3693 2.55E-29 1.82E-27
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SPRR2E 3.411051 7.534786 56.51957 5.56E-14 7.72E-13
C6orf58 -6.02891 8.91495 119.7367 7.22E-28 4.36E-26
PIP -5.98293 9.328714 135.0599 3.20E-31 2.78E-29
PRB3 -5.94591 12.13987 112.0102 3.55E-26 1.84E-24
PRH1 -5.85551 14.39301 99.59714 1.87E-23 7.32E-22
PRH2 -5.82857 12.81 107.3808 3.67E-25 1.71E-23
STATH -5.82053 10.06336 105.8089 8.12E-25 3.69E-23
BPIFB2 -5.64145 7.483564 141.9748 9.85E-33 9.74E-31
CRISP3 -5.63874 7.680236 209.9783 1.39E-47 7.47E-45
SCGB3A1 -5.46014 12.34463 105.8622 7.90E-25 3.60E-23
LPO -5.43159 6.080222 162.0619 4.01E-37 6.37E-35
PIGR -5.31071 11.15338 121.3483 3.21E-28 2.02E-26
GP2 -5.30182 6.925129 174.5702 7.43E-40 1.65E-37
ZG16B -5.29934 9.44134 122.2223 2.06E-28 1.32E-26
LRRC26 -5.1961 7.986973 149.4883 2.24E-34 2.69E-32
BPIFB1 -5.19185 10.22879 95.64261 1.38E-22 4.93E-21
MUC5B -5.1308 10.24395 96.97732 7.01E-23 2.55E-21
AQP5 -5.08755 8.652578 198.1896 5.19E-45 2.11E-42
KRT4 -4.84445 12.62044 52.74958 3.79E-13 4.82E-12
ADH1B -4.59239 4.919417 342.7789 1.58E-76 4.40E-73
LTF -4.55823 9.439858 61.49654 4.44E-15 6.95E-14
DMBT1 -4.47923 7.546079 83.53246 6.27E-20 1.66E-18
MUC5AC -4.44475 7.142114 99.9398 1.57E-23 6.22E-22
SCGB3A2 -4.43556 8.681597 60.86825 6.10E-15 9.36E-14
MUC19 -4.38336 4.036936 286.5059 2.87E-64 3.42E-61
LYZ -4.37115 14.31177 89.3385 3.33E-21 1.03E-19
AZGP1 -4.31986 8.856974 65.34175 6.30E-16 1.10E-14
MPO -4.28339 4.438956 150.7325 1.20E-34 1.54E-32
PRB1 -4.26966 4.630803 128.3551 9.39E-30 6.89E-28
PRB4 -4.25023 9.153439 88.87426 4.21E-21 1.28E-19
TFF3 -4.22368 7.662691 104.6409 1.46E-24 6.51E-23
MUC21 -4.16077 9.226288 41.52412 1.16E-10 1.10E-09
ADIPOQ -4.09228 3.799308 145.4085 1.75E-33 1.87E-31
FOLR1 -3.91537 5.88509 120.4243 5.11E-28 3.14E-26
SLC13A2 -3.88441 3.860638 253.1087 5.45E-57 4.78E-54
WFDC2 -3.87366 7.781231 114.5718 9.77E-27 5.35E-25
FAM3D -3.84924 5.892937 414.1836 4.50E-92 2.50E-88
BPIFA1 -3.83696 7.169477 57.34322 3.66E-14 5.19E-13
MYOC -3.82475 3.894488 89.69716 2.78E-21 8.68E-20
TFF1 -3.81968 4.328133 118.7431 1.19E-27 7.10E-26
GSTA2 -3.73577 3.488136 168.9509 1.25E-38 2.46E-36
MAL -3.6955 6.73779 38.90146 4.46E-10 3.89E-09
PAX1 -3.68366 4.201087 114.8091 8.66E-27 4.80E-25
CRNN -3.64531 10.67294 21.1693 4.20E-06 2.07E-05
ODAM -3.63733 5.5773 48.6548 3.05E-12 3.47E-11
MS4A8 -3.62862 4.184844 140.7513 1.82E-32 1.79E-30
CST5 -3.58736 3.222383 114.1372 1.22E-26 6.62E-25
TMPRSS11B -3.57446 7.243999 29.57775 5.37E-08 3.60E-07
CLCA4 -3.52345 7.138373 88.708 4.58E-21 1.39E-19
KRT13 -3.50645 13.78897 35.54337 2.49E-09 1.99E-08
MUC7 -3.48056 4.442312 66.32582 3.82E-16 6.81E-15
Note: “symbol” is gene symbol; “logFC” is log fold change; “logCPM” is log counts 
per million; “LR” is likelihood ratio; “PValue” is the original p-value for logFC; 
“FDR” is adjusted p-value for logFC.
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Figure S1. Network of connection between gene and pathway in GSE142083.
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Table S2. Top 50 enriched pathways in the GSE142083 dataset
ID Description GeneRatio BgRatio pvalue qvalue Count type
hsa04970 Salivary secretion 17/224 93/8081 4.90E-10 1.03E-07 17 DOWN
hsa04512 ECM-receptor interaction 14/225 88/8081 1.16E-07 1.57E-05 14 UP
hsa04060 Cytokine-cytokine receptor interaction 26/225 295/8081 1.59E-07 1.57E-05 26 UP
hsa04657 IL-17 signaling pathway 14/225 94/8081 2.72E-07 1.57E-05 14 UP
hsa04110 Cell cycle 16/225 124/8081 2.89E-07 1.57E-05 16 UP
hsa00982 Drug metabolism - cytochrome P450 12/224 72/8081 5.42E-07 5.68E-05 12 DOWN
hsa04657 IL-17 signaling pathway 19/449 94/8081 7.20E-07 0.000196 19 ALL
hsa04060 Cytokine-cytokine receptor interaction 37/449 295/8081 2.31E-06 0.000249 37 ALL
hsa04970 Salivary secretion 18/449 93/8081 2.74E-06 0.000249 18 ALL
hsa04974 Protein digestion and absorption 13/225 103/8081 4.98E-06 0.000216 13 UP
hsa00980 Metabolism of xenobiotics by cytochrome P450 11/224 78/8081 8.82E-06 0.000616 11 DOWN
hsa05146 Amoebiasis 12/225 102/8081 2.39E-05 0.000865 12 UP
hsa04974 Protein digestion and absorption 17/449 103/8081 4.60E-05 0.003138 17 ALL
hsa00350 Tyrosine metabolism 7/224 36/8081 4.81E-05 0.002521 7 DOWN
hsa04512 ECM-receptor interaction 15/449 88/8081 8.77E-05 0.00478 15 ALL
hsa05204 Chemical carcinogenesis 10/224 83/8081 9.07E-05 0.003798 10 DOWN
hsa05222 Small cell lung cancer 10/225 92/8081 0.000224 0.006945 10 UP
hsa05150 Staphylococcus aureus infection 15/449 96/8081 0.00024 0.010908 15 ALL
hsa04024 cAMP signaling pathway 16/224 216/8081 0.000316 0.011027 16 DOWN
hsa04061 Viral protein interaction with cytokine and cytokine receptor 10/225 100/8081 0.000443 0.010682 10 UP
hsa04933 AGE-RAGE signaling pathway in diabetic complications 10/225 100/8081 0.000443 0.010682 10 UP
hsa00982 Drug metabolism - cytochrome P450 12/449 72/8081 0.000545 0.021238 12 ALL
hsa03320 PPAR signaling pathway 8/224 76/8081 0.001145 0.034271 8 DOWN
hsa04061 Viral protein interaction with cytokine and cytokine receptor 14/449 100/8081 0.001185 0.039294 14 ALL
hsa04110 Cell cycle 16/449 124/8081 0.00133 0.039294 16 ALL
hsa05150 Staphylococcus aureus infection 9/225 96/8081 0.001357 0.029421 9 UP
hsa05146 Amoebiasis 14/449 102/8081 0.001441 0.039294 14 ALL
hsa00010 Glycolysis/Gluconeogenesis 7/224 67/8081 0.002424 0.063458 7 DOWN
hsa04261 Adrenergic signaling in cardiomyocytes 11/224 150/8081 0.002945 0.068556 11 DOWN
hsa04926 Relaxin signaling pathway 10/225 129/8081 0.003127 0.061645 10 UP
hsa00350 Tyrosine metabolism 7/449 36/8081 0.003194 0.07915 7 ALL
hsa00980 Metabolism of xenobiotics by cytochrome P450 11/449 78/8081 0.003664 0.083248 11 ALL
hsa04115 p53 signaling pathway 7/225 73/8081 0.004046 0.065882 7 UP
hsa00830 Retinol metabolism 10/449 68/8081 0.004047 0.084877 10 ALL
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hsa04218 Cellular senescence 11/225 156/8081 0.004119 0.065882 11 UP
hsa05323 Rheumatoid arthritis 8/225 93/8081 0.004254 0.065882 8 UP
hsa05414 Dilated cardiomyopathy 8/224 96/8081 0.005024 0.091428 8 DOWN
hsa04216 Ferroptosis 5/224 41/8081 0.005201 0.091428 5 DOWN
hsa05219 Bladder cancer 5/225 41/8081 0.005299 0.076603 5 UP
hsa04978 Mineral absorption 6/224 59/8081 0.005612 0.091428 6 DOWN
hsa00533 Glycosaminoglycan biosynthesis - keratan sulfate 4/449 14/8081 0.006025 0.117336 4 ALL
hsa00533 Glycosaminoglycan biosynthesis - keratan sulfate 3/224 14/8081 0.006101 0.091428 3 DOWN
hsa00601 Glycosphingolipid biosynthesis - lacto and neolacto series 4/224 27/8081 0.006111 0.091428 4 DOWN
hsa05202 Transcriptional misregulation in cancer 12/225 192/8081 0.007272 0.09855 12 UP
hsa03320 PPAR signaling pathway 10/449 76/8081 0.008957 0.162792 10 ALL
hsa04114 Oocyte meiosis 9/225 129/8081 0.009755 0.124429 9 UP
hsa00360 Phenylalanine metabolism 3/224 17/8081 0.010721 0.138526 3 DOWN
hsa05165 Human papillomavirus infection 17/225 331/8081 0.010828 0.130437 17 UP
hsa00830 Retinol metabolism 6/224 68/8081 0.011105 0.138526 6 DOWN
hsa00512 Mucin type O-glycan biosynthesis 4/224 32/8081 0.011242 0.138526 4 DOWN
GO:0043588 BP: skin development 72/499 412/17913 6.61E-37 2.29E-33 72 UP
GO:0008544 BP: epidermis development 70/499 452/17913 2.04E-32 3.53E-29 70 UP
GO:0031424 BP: keratinization 51/499 224/17913 4.84E-32 5.58E-29 51 UP
GO:0030216 BP: keratinocyte differentiation 56/499 298/17913 1.81E-30 1.57E-27 56 UP
GO:0043588 BP: skin development 87/977 412/17913 1.55E-28 6.76E-25 87 ALL
GO:0009913 BP: epidermal cell differentiation 56/499 346/17913 5.28E-27 3.65E-24 56 UP
GO:0031424 BP: keratinization 61/977 224/17913 1.64E-26 3.59E-23 61 ALL
GO:0008544 BP: epidermis development 88/977 452/17913 3.52E-26 5.13E-23 88 ALL
GO:0030216 BP: keratinocyte differentiation 69/977 298/17913 2.82E-25 3.09E-22 69 ALL
GO:0070268 BP: cornification 31/499 112/17913 1.27E-22 7.33E-20 31 UP
GO:0009913 BP: epidermal cell differentiation 71/977 346/17913 1.13E-22 8.97E-20 71 ALL
GO:0070268 BP: cornification 40/977 112/17913 1.23E-22 8.97E-20 40 ALL
GO:0031012 BP: extracellular matrix 77/1010 468/18678 1.23E-18 4.86E-16 77 ALL
GO:0030198 BP: extracellular matrix organization 44/499 334/17913 7.77E-18 3.84E-15 44 UP
GO:0005930 CC: axoneme 25/519 100/18678 2.47E-17 5.06E-15 25 DOWN
GO:0097014 CC: ciliary plasm 25/519 101/18678 3.19E-17 5.06E-15 25 DOWN
GO:0043062 BP: extracellular structure organization 47/499 387/17913 1.52E-17 6.55E-15 47 UP
GO:0062023 CC: collagen-containing extracellular matrix 67/1010 399/18678 8.06E-17 1.59E-14 67 ALL
GO:0044420 CC: extracellular matrix component 18/491 47/18678 5.97E-17 1.93E-14 18 UP
GO:0005201 CC: extracellular matrix structural constituent 41/960 158/16969 7.52E-17 4.69E-14 41 ALL
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GO:0044447 CC: axoneme part 15/519 31/18678 7.43E-16 7.85E-14 15 DOWN
GO:0098644 CC: complex of collagen trimers 12/491 18/18678 1.53E-15 2.49E-13 12 UP
GO:0030198 BP: extracellular matrix organization 59/977 334/17913 7.85E-16 4.90E-13 59 ALL
GO:0043062 BP: extracellular structure organization 64/977 387/17913 1.26E-15 6.86E-13 64 ALL
GO:0031012 CC: extracellular matrix 46/491 468/18678 1.30E-14 1.40E-12 46 UP
GO:0035082 BP: axoneme assembly 18/478 52/17913 6.34E-16 2.19E-12 18 DOWN
GO:0044420 CC: extracellular matrix component 20/1010 47/18678 9.21E-14 1.21E-11 20 ALL
GO:0016266 BP: O-glycan processing 18/478 60/17913 1.13E-14 1.42E-11 18 DOWN
GO:0003341 BP: cilium movement 17/478 52/17913 1.24E-14 1.42E-11 17 DOWN
GO:0000280 BP: nuclear division 40/499 357/17913 6.51E-14 2.50E-11 40 UP
GO:0140014 BP: mitotic nuclear division 32/499 237/17913 1.37E-13 4.76E-11 32 UP
GO:0044447 CC: axoneme part 16/1010 31/18678 6.64E-13 6.55E-11 16 ALL
GO:0007059 BP: chromosome segregation 34/499 275/17913 3.14E-13 9.87E-11 34 UP
GO:0062023 CC: collagen-containing extracellular matrix 39/491 399/18678 1.75E-12 1.42E-10 39 UP
GO:0005201 MF: extracellular matrix structural constituent 26/477 158/16969 3.17E-13 1.53E-10 26 UP
GO:0005930 BP: axoneme 27/1010 100/18678 1.89E-12 1.49E-10 27 ALL
GO:0097014 CC: ciliary plasm 27/1010 101/18678 2.45E-12 1.61E-10 27 ALL
GO:0001533 CC: cornified envelope 14/491 44/18678 3.50E-12 2.27E-10 14 UP
GO:0007389 BP: pattern specification process 61/977 408/17913 6.13E-13 2.98E-10 61 ALL
GO:0009952 BP: anterior/posterior pattern specification 27/499 182/17913 1.19E-12 3.44E-10 27 UP
GO:0070286 BP: axonemal dynein complex assembly 12/478 25/17913 4.32E-13 3.73E-10 12 DOWN
GO:0048285 BP: organelle fission 40/499 395/17913 1.76E-12 4.60E-10 40 UP
GO:0000070 BP: mitotic sister chromatid segregation 23/499 132/17913 1.86E-12 4.60E-10 23 UP
GO:0098644 CC: complex of collagen trimers 12/1010 18/18678 8.05E-12 4.54E-10 12 ALL
GO:0001501 BP: skeletal system development 44/499 479/17913 3.73E-12 8.61E-10 44 UP
GO:0001578 BP: microtubule bundle formation 18/478 78/17913 1.66E-12 1.15E-09 18 DOWN
GO:0000819 BP: sister chromatid segregation 24/499 157/17913 1.13E-11 2.44E-09 24 UP
GO:0032838 CC: plasma membrane bounded cell projection cytoplasm 25/519 181/18678 3.94E-11 3.12E-09 25 DOWN
GO:0003002 BP: regionalization 34/499 318/17913 1.95E-11 3.97E-09 34 UP
GO:0005581 CC: collagen trimer 17/491 86/18678 7.77E-11 4.20E-09 17 UP
Note: “ID” is pathway ID in KEGG or GO; “Description” is a description of the pathway where CC is cellular component, BP is biological process and MF is molecular function; 
“GeneRatio” is the proportion of genes located in the pathway; “BgRatio” is background ratio; “pvalue” is p-value of the enriched pathway; “qvalue” is q-value of enriched pathway: 
“geneID” is gene symbol; “Count” is the number of genes. “type” is genes in up/down/all.
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Table S3. Genes differentially expressed in both GSE142083 and GSE117005 datasets
symbol logFC logCPM LR PValue FDR change dataset
ALOXE3 0.589792 7.849327 13.08917 0.000297 0.040628 UP GSE117005
ALOXE3 3.114066 3.547042 146.0019 1.30E-33 1.40E-31 UP GSE142083
BARX2 -0.75772 7.724124 19.53084 9.90E-06 0.004567 DOWN GSE117005
BARX2 -1.83547 3.868505 99.2961 2.17E-23 8.43E-22 DOWN GSE142083
CLCA4 -0.58902 8.5289 21.36704 3.79E-06 0.002983 DOWN GSE117005
CLCA4 -3.52345 7.138373 88.708 4.58E-21 1.39E-19 DOWN GSE142083
CLEC3B -0.60204 8.067765 16.02003 6.27E-05 0.015432 DOWN GSE117005
CLEC3B -2.39952 4.77893 146.4915 1.01E-33 1.10E-31 DOWN GSE142083
CRNN -0.55101 8.65585 20.51546 5.92E-06 0.003102 DOWN GSE117005
CRNN -3.64531 10.67294 21.1693 4.20E-06 2.07E-05 DOWN GSE142083
CXCL10 0.603537 8.189387 17.51635 2.85E-05 0.008961 UP GSE117005
CXCL10 2.471419 7.873185 44.23899 2.91E-11 2.95E-10 UP GSE142083
FAM3D -0.55605 8.18052 14.86895 0.000115 0.021754 DOWN GSE117005
FAM3D -3.84924 5.892937 414.1836 4.50E-92 2.50E-88 DOWN GSE142083
GRIN2D 0.674585 7.572616 13.88964 0.000194 0.029891 UP GSE117005
GRIN2D 2.166957 3.189331 51.55366 6.97E-13 8.64E-12 UP GSE142083
HBB -0.5098 8.482703 15.5639 7.98E-05 0.017109 DOWN GSE117005
HBB -2.17505 8.802518 99.13761 2.36E-23 9.09E-22 DOWN GSE142083
HOXA13 0.666887 7.467829 12.5686 0.000392 0.046279 UP GSE117005
HOXA13 2.41447 3.28777 71.54446 2.71E-17 5.43E-16 UP GSE142083
HOXC10 0.789619 7.525199 18.19132 2.00E-05 0.007252 UP GSE117005
HOXC10 3.443711 3.697596 110.4705 7.73E-26 3.84E-24 UP GSE142083
HOXD13 0.697854 7.601095 15.14891 9.94E-05 0.020385 UP GSE117005
HOXD13 3.671757 4.20341 112.4158 2.90E-26 1.52E-24 UP GSE142083
LRRC15 0.622372 7.695807 12.99757 0.000312 0.040628 UP GSE117005
LRRC15 3.061725 4.566277 186.0287 2.34E-42 7.50E-40 UP GSE142083
LRRN4CL -0.74641 7.588565 17.1702 3.42E-05 0.009487 DOWN GSE117005
LRRN4CL -1.95878 4.652414 149.6662 2.05E-34 2.49E-32 DOWN GSE142083
MAGEA1 0.863155 7.698843 24.52533 7.33E-07 0.001085 UP GSE117005
MAGEA1 4.014648 3.327204 149.182 2.62E-34 3.07E-32 UP GSE142083
MMP1 0.689931 8.051566 20.58085 5.72E-06 0.003102 UP GSE117005
MMP1 5.573235 8.524383 309.6588 2.59E-69 3.93E-66 UP GSE142083
MUC21 -1.07556 7.890258 24.1629 8.85E-07 0.001085 DOWN GSE117005
MUC21 -4.16077 9.226288 41.52412 1.16E-10 1.10E-09 DOWN GSE142083
PLN -0.69117 7.510414 13.96003 0.000187 0.029891 DOWN GSE117005
PLN -1.54606 3.849454 62.30109 2.95E-15 4.76E-14 DOWN GSE142083
PPP1R3C -0.51397 8.214847 13.0547 0.000303 0.040628 DOWN GSE117005
PPP1R3C -2.07637 6.486529 99.16046 2.33E-23 9.00E-22 DOWN GSE142083
RERGL -1.02767 7.419901 27.93317 1.26E-07 0.000593 DOWN GSE117005
RERGL -2.42878 3.042429 48.31645 3.63E-12 4.09E-11 DOWN GSE142083
SH3BGRL2 -0.61909 8.037027 14.51282 0.000139 0.025266 DOWN GSE117005
SH3BGRL2 -2.73383 4.963331 282.1765 2.52E-63 2.62E-60 DOWN GSE142083
SLURP1 -0.55778 8.429138 13.50139 0.000238 0.035155 DOWN GSE117005
SLURP1 -1.82625 7.704144 7.588022 0.005876 0.015159 DOWN GSE142083
SPRR2G 0.703401 7.795864 17.74328 2.53E-05 0.008521 UP GSE117005
SPRR2G 5.281806 8.663347 142.0687 9.39E-33 9.43E-31 UP GSE142083
SPRR4 0.668552 7.594391 13.86558 0.000196 0.029891 UP GSE117005
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SPRR4 3.115927 5.056379 75.42205 3.80E-18 8.39E-17 UP GSE142083
TMPRSS11B -0.7792 8.23449 20.94453 4.73E-06 0.003102 DOWN GSE117005
TMPRSS11B -3.57446 7.243999 29.57775 5.37E-08 3.60E-07 DOWN GSE142083
XCL1 0.691811 7.516263 13.9936 0.000183 0.029891 UP GSE117005
XCL1 2.02593 3.719746 97.27051 6.05E-23 2.22E-21 UP GSE142083
Note: “symbol” is gene symbol; “logFC” is log fold change; “logCPM” is log counts per million; “LR” is likelihood ratio; “PValue” 
is orginal p-value for logFC; “FDR” is adjusted p-value for logFC; “change” is whether it is upregulated or downregulated; “data-
set” is the analyzed dataset.

Figure S2. Cluster analysis for samples in GSE142083.
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Figure S3. Analysis of network topology for soft-thresholding powers in GSE142083. The left panel shows the scale-
free fit index (y-axis) as a function of the soft-thresholding power (x-axis). The right panel displays the mean connec-
tivity (degree, y-axis) as a function of the soft-thresholding power (x-axis).
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Figure S4. Heatmap of the relationship between modules (y-axis) and traits (x-axis) of GSE142083. Different colors 
represent different correlation coefficients.

Table S4. Significant genes in both the yellow 
module and the GSE1142083 dataset
geneSymbol GS.LSCC p.GS.LSCC
GINS1 0.723842543 7.61E-16
MYBL2 0.719703669 1.32E-15
CDC6 0.716735687 1.96E-15
HOXB7 0.715200627 2.39E-15
CDCA5 0.712701967 3.31E-15
SHCBP1 0.702854525 1.15E-14
KIF2C 0.702702823 1.17E-14
NCAPH 0.702618997 1.18E-14
KIF4A 0.70246615 1.20E-14
CENPA 0.698557396 1.94E-14
DTL 0.690589896 5.03E-14
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ORC6 0.688907235 6.12E-14
AURKA 0.688651571 6.31E-14
KIF18B 0.686823036 7.80E-14
TEDC2 0.680517562 1.60E-13
KIF14 0.677814042 2.17E-13
BIRC5 0.674520353 3.13E-13
WDHD1 0.674517887 3.13E-13
AUNIP 0.674269943 3.22E-13
ORC1 0.672574816 3.88E-13
NETO2 0.671783396 4.23E-13
DEPDC1 0.667912635 6.44E-13
CEP55 0.666856354 7.21E-13
FOXM1 0.666728168 7.31E-13
CCL21 -0.666630276 7.39E-13
ANLN 0.665114529 8.68E-13
KPNA2 0.663190394 1.06E-12
PRR11 0.661162975 1.32E-12
RAD51AP1 0.660009482 1.49E-12
EXO1 0.658274715 1.78E-12
BUB1 0.656559851 2.13E-12
MCM10 0.655964537 2.26E-12
CDCA8 0.655085616 2.47E-12
MELK 0.650163238 4.08E-12
TPX2 0.648992187 4.59E-12
CDC20 0.645462979 6.51E-12
PKMYT1 0.644043346 7.49E-12
UBE2C 0.64339173 7.99E-12
HOXC9 0.642847849 8.43E-12
CDC45 0.640525914 1.06E-11
AURKB 0.640352491 1.07E-11
MAD2L1 0.626883559 3.85E-11
TTK 0.626520302 3.98E-11
NEK2 0.625181801 4.50E-11
KNL1 0.621037878 6.56E-11
FANCB 0.621028082 6.57E-11
KIF23 0.617650486 8.90E-11
CCNE1 0.615384671 1.09E-10
XRCC2 0.612388488 1.42E-10
CCNB2 0.607891867 2.10E-10
KIF18A 0.60766963 2.14E-10
UBE2T 0.605780119 2.52E-10
CENPE 0.602899498 3.22E-10
GRIN2D 0.602241513 3.40E-10
DPF1 0.599447386 4.31E-10
TROAP 0.597523292 5.06E-10
DLGAP5 0.597293989 5.16E-10
CKAP2L 0.595268926 6.10E-10
BUB1B 0.59351203 7.05E-10
ASPM 0.590520003 9.01E-10
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CENPF 0.588970946 1.02E-09
SPAG5 0.583323093 1.61E-09
PRC1 0.582283268 1.74E-09
CDCA2 0.581294502 1.89E-09
FANCI 0.580611501 1.99E-09
CDK1 0.577487543 2.54E-09
RRM2 0.575795387 2.90E-09
SKA1 0.574036688 3.32E-09
CHRNA5 0.573969723 3.34E-09
ZIC5 0.573427254 3.48E-09
HOXC8 0.572893976 3.63E-09
PNPLA3 0.572266688 3.80E-09
NXPH4 0.56742585 5.49E-09
NUSAP1 0.567055273 5.65E-09
PHLDB2 0.559933909 9.59E-09
HOXC5 0.555921803 1.29E-08
TMEM158 0.553076781 1.58E-08
PBK 0.54853927 2.18E-08
NDC80 0.534290781 5.84E-08
TOP2A 0.53110395 7.23E-08
NPNT 0.521939478 1.32E-07
STEAP4 -0.51821924 1.68E-07
RPL39L 0.509591407 2.90E-07
TICRR 0.495440497 6.88E-07
ZIC2 0.489523957 9.76E-07
HOXC10 0.489194407 9.95E-07
SLCO1A2 0.481571208 1.55E-06
DUSP9 0.478233158 1.87E-06
GPNMB 0.471407278 2.74E-06
ODC1 0.445223814 1.10E-05
KRTAP4-1 0.443157552 1.22E-05
IRX4 0.439505895 1.46E-05
C6orf223 0.437653858 1.61E-05
IGF2BP3 0.434852814 1.85E-05
TLX2 0.417481007 4.24E-05
MAGEA6 0.404354841 7.73E-05
SNCB 0.395681557 0.000113
FEZF1 0.390310613 0.000143
TLX3 0.3821646 0.000202
OR2B6 0.367801927 0.000362
OR6C2 0.353787633 0.000624
MAGEB17 0.350054374 0.000719
MAGEA2B 0.314895847 0.002504
Note: “geneSymbol” is gene symbol; “GS.LSCC” is the 
gene significance of laryngeal squamous cell carcinoma; 
“p.GS.LSCC” is the p value of GS.LSCC.
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Figure S5. Enriched pathways for genes in module yellow from WGCNA in GSE142083. (A) is from KEGG (Kyoto 
Encyclopedia of Genes and Genomes) and (B) from GO (Gene Ontology).

Figure S6. Enriched pathways for TCGA datasets. (A, B) are from KEGG where (A) represents upregulated genes and 
(B) downregulated genes. (C, D) from GO where (C) represents upregulated genes and (D) downregulated genes.


